
1 

Relocating context information in header compression 

Background of the invention 

The invention relates to relocating context information in header 
compression. 

5 The rapid progress in IP (Internet Protocol) technology during the 

last few years has also expanded the potential of using different IP-based 
applications outside the conventional Internet data transfer. IP-based 
telephony applications in particular have developed at a fast pace, as a result 
of which an ever expanding part of the call transmission path even in 
10 conventional telephone networks (PSTN/ISDN, Public Switched Telephone 
Network/Integrated Services Digital Network) and mobile networks (PLMN, 
Public Land Mobile Network) can. in principle, be implemented by utilising IP 
technology. 

Especially in mobile networks, IP technology offers many 

15 advantages, since in addition to the conventional voice services of mobile 
networks, which could be provided by means of various IP voice applications, 
mobile networks will provide more and more different data services, such as 
Internet browsing, e-mail services, games, etc., which are typically most 
preferably implemented as packet-switched IP-based services. This way, IP 

20 layers arranged in mobile system protocols could serve both audio/video 
services and various data services. 

In mobile networks, it is especially important to utilise the limited 
radio resources as efficiently as possible. This, for its part, complicates the 
utilisation of the IP protocols in the radio interface, because in IP-based 

25 protocols, the proportion of various header fields of the transferred data is very 
large, and correspondingly, the proportion of payload is small. In addition, the 
bit error rate (BER) of the radio interface and the round-trip time (RTT) of the 
uplink and downlink directions may in bad conditions increase a great deal, 
which causes problems in most known header field compression methods. 

30 This has created a need to develop a header compression method suitable for 
different IP protocols, which would be especially suited for real-time data 
transfer over the radio interface: efficient header field compression which can, 
however, be used in conditions in which bit error rates and round-trip times 
increase a great deal. 
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For this purpose, IETF (Internet Engineering Task Force) has lately 
been working on the standardisation of a header field compression method 
known as ROHC (Robust Header Compression). One idea behind the 
development of ROHC is that there is a great deal of redundance between the 
5 several IP header fields used in data packet transfer, not only inside the data 
packet, but also between them. In other words, a large amount of the 
information in the header fields does not change at all during the transfer of 
the data packets and is thus easy to reconstruct at a receiver even though it is 
not transmitted. Only a small part of the header fields are such that the 

10 information they comprise requires attention during compression. Further, 
ROHC comprises several compression levels, whereby the efficiency of the 
compression increases when moving on a higher level. ROHC always tries to 
use the most efficient compression possible, in such a manner, however, that 
before moving on to the next level, a sufficient reliability of operation of the 

15 level is always ensured. ROHC also has the typical characteristic that it leaves 
several matters essential for the use of a compression method to be handled 
by the lower link layer. 

ROHC, like typically all header compression techniques, require the 
storing of context information used for compression and decompression of 

20 headers of packets at the compressor (transmitter) and decompressor 
(receiver) and to initialize the compression/decompression process by sending 
essentially full headers. What is meant by the context information is a state 
which the compressor uses to compress the header field to be transmitted and 
the decompressor uses to decompress a received header field. When header 

25 compression/decompression is utilized with a wireless link, headers sent on 
the uplink traffic are compressed by the mobile terminal and decompressed by 
a network entity. In the downlink traffic, the network entity compresses the 
headers, and the mobile terminal decompresses the headers. 

In normal operation of compression/decompression, the 

30 decompression context information is in synchronism with the compression 
context information, in the sense that when the decompression context 
information is used to decompress a header that was compressed with the 
compression context information, the original uncompressed header is 
reconstructed. Both the compression context information and decompression 

35 context information may be continuously updated by the compressor and 
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decompressor respectively, in such a way that the two contexts stay in 
synchronism. 

When a mobile terminal is handed over to another radio cell served 
by another network entity, if no efficient procedure is defined to relocate the 
5 context information to the new network entity, the header 
compression/decompression process has to again proceed through 
reinitialization, which entails sending full headers in both the downlink traffic 
and the uplink traffic. Such a reinitialization with full headers is both disruptive 
of the ongoing communications and consumes the bandwidth over the air 

10 interface. Therefore, a mechanism has been developed for transferring the 
compression and decompression context information from the old network 
entity to the new network entity by taking a snapshot of the compression and 
decompression context information between the old network and the mobile 
terminal and delivering this snapshot to the new network entity to be used as 

15 the compression and decompression context information. The compression 
and decompression are typically stopped for the time required for taking the 
snapshot and transferring it to the new network entity. 

One problem in the context information relocation procedure 
described above is the long time needed for taking the snapshot and 

20 transferring it to the new network entity, while the compression and 
decompression must be stopped. This results in a significant break in real-time 
data transfer. Thus this break should be made as short as possible. Another 
problem is that in mobile systems, the mobile terminal does not typically know 
in advance, when the handover on the network side from the old network 

25 entity to the new network entity will take place. Therefore, the mobile terminal 
will continue to compressing the uplink data and transmitting it to the old 
network entity, even though the old network entity has already stopped 
decompressing said data due to the handover. In that case the compressed 
data packet sent by the terminal may be lost. 

30 Brief description of the invention 

It is thus an object of the invention to develop a method and an 
apparatus implementing the method so as to alleviate the above-mentioned 
problems. The object of the invention is achieved by a method and system, 
which are characterized by what is stated in the independent claims. Preferred 
35 embodiments of the invention are set forth in the dependent claims. 
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The invention is based on the idea that the context updating of the 
compressor and decompressor is stopped in both the mobile terminal and the 
old network entity, which ensures that both the mobile terminal and the old 
network entity use the same context, after which a snapshot of the 
5 compression and decompression context information is taken in the old 
network entity and transmitted to the new network entity to be stored therein. 
The mobile compressor compresses at least one header of at least one packet 
with the said context information and transmits the compressed at least one 
header of at least one packet to the new network entity. Then the new network 

10 entity decompresses the received at least one packet of the at least one 
header with the stored decompression context information. Because the 
context information has not changed during the relocation process, the 
compressor of the mobile terminal and the decompressor of the new network 
entity are automatically in synchronism and the data transfer can be 

15 continued. 

According to a preferred embodiment of the invention, the updating 
of the context information can be prevented by disabling both the mobile 
terminal and the old network entity decompressors from sending any 
acknowledgements to the compressor on the opposite side. Because no 

20 acknowledgements are sent by the decompressors, the context of the 
compressors are not updated and both the mobile terminal and the old 
network entity compressors use the same context information for the 
compression of new packets. According to a second preferred embodiment of 
the invention, the mobile terminal will stop compressing and transmitting uplink 

25 data and the old network entity will stop compressing and transmitting 
downlink data. This results in the context information not being updated any 
more. According to a third preferred embodiment of the- invention, the mobile 
terminal will continue to run the header compression and decompression 
normally, but the context updating of the mobile terminal context information is 

30 prevented by discarding in the old network entity compressor/decompressor 
any acknowledgements from or to the compressor/decompressor of the mobile 
terminal or by stopping to send any acknowledgements to the 
compressor/decompressor of the mobile terminal. Because all 
acknowledgements are discarded by the old network entity, the context of the 

35 mobile terminal compressor is not updated but the mobile terminal will 
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continue to compress and transmit the uplink data with the previous context 
information. 

The method and system of the invention provide the advantage that 
enables an efficient relocation of the header compression context. Further, the 
5 method of the invention provides the advantage that out-of-synchronism of the 
contexts between the mobile terminal and the network entities is prevented, 
while simultaneously minimising the break in the compression/decompression 
process in time domain. A yet further advantage of an embodiment of the 
invention is that the context relocation can be performed efficiently, so that no 
10 break occurs in data compression/decompression but it can be continued 
seamlessly. 

Brief description of the figures 

In the following, the invention will be described in greater detail by 
means of preferred embodiments, with reference to the appended drawings, in 
15 which 

Figure 1 is a block diagram of movements between different 
compression levels of ROHC, 

Figure 2 is a block diagram of movements between different 
compression modes of ROHC, 
20 Figure 3 is a block diagram of a simplified structure of the UMTS 

system, 

Figure 4 shows protocol stacks of the UMTS packet data service for 
transmitting user data, 

Figure 5 shows a signalling chart of serving radio network sub- 
25 system (SRNS) relocation according to a first preferred embodiment of the 
invention, 

Figure 6 shows a signalling chart of serving radio network sub- 
system (SRNS) relocation according to a second preferred embodiment of the 
invention, and 

30 Figure 7 shows a signalling chart of serving radio network sub- 

system (SRNS) relocation according to a third preferred embodiment of the 
invention. 

Detailed description of the invention 

In the following, the invention is illustrated by the way of an example 
35 in conjunction with the header field compression method ROHC, which is 
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particularly suitable for real-time data transfer over a radio interface. The 
invention is not limited to only ROHC, but it can be applied to any other header 
compression method, too. Furthermore, the invention is applicable to, but not 
limited to 1P/UDP/RTP header compression. In the following, the 
5 implementation of ROHC is described for the parts essential for the invention. 
For a more detailed description of the compression method in question, 
reference is made to a yet unfinished Internet draft "Robust Header 
Compression (ROHC)", version 04, 1 1 October 2000. 

In different compression methods, a context is typically defined for 

10 both a compressor and a decompressor, the context being a state which the 
compressor uses to compress the header field to be transmitted and the 
decompressor uses to decompress a received header field. Typically, the 
context comprises an uncompressed version of the previous header field 
transmitted (compressor) or received (decompressor) over a data transfer 

15 connection. In addition, the context can comprise information identifying a data 
packet flow, such as sequence numbers or time stamps of data packets. Thus, 
the context typically comprises both static information, which remains the 
same for the entire data packet flow, and dynamic information, which changes 
during the data packet flow, but often does it according to a defined pattern. 

20 ROHC uses three compression levels in such a manner that the 

compression is started on the lowest level and continues gradually to the 
higher levels. The basic principle is that compression is always performed on 
the highest possible level, in such a manner, however, that the compressor 
has sufficient certainty of the fact that the decompressor has enough 

25 information to perform decompression on the level in question. Factors 
affecting the move between different compression levels are variation in 
consecutive header fields, positive and negative acknowledgements received 
from the decompressor, and when there are no acknowledgements, the 
expiration of specific sequential counters. It is possible to move 

30 correspondingly to a lower level from a higher compression level. 

The compression levels ROHC uses in connection with IP (Internet 
Protocol), UDP (User Datagram Protocol) and RTP (Real-Time Protocol) 
protocols are initiation/refresh (IR), first order (FO). and second order (SO), 
and movements between these levels are described in the diagram of Figure 

35 1. The IR level is used to create the context for the decompressor or to 
recover from an error situation. The compressor moves to the IR level when 




7 

header field compression is started, requested by the decompressor, or when 
an update timer expires. On the IR level, the compressor sends IR header 
fields in an uncompressed format. The compressor tries to move to a higher 
level when it is certain that the decompressor has received the update 
5 information. 

The FO level is used to inform the recipient of irregularities in the 
header fields of the data packet flow. After the IR level, the compressor 
operates on the FO level in a situation where the header fields do not form a 
uniform pattern (in other words, consecutive header fields change randomly in 

10 such a manner that the changes cannot be predicted) or the compressor 
cannot be certain that the decompressor has received the parameters defining 
the uniform pattern of the header fields. This is a typical situation when 
transmitting speech, for instance, is started, especially during the first speech 
bursts. On the FO level, the compressor sends compressed FO header fields. 

15 The compressor again tries to move to a higher level if the header fields form 
a uniform pattern and it is certain that the decompressor has received the 
parameters defining the uniform pattern. The FO-level data packets comprise 
typically context update information, which means that a successful 
decompression also requires a successful transmission of consecutive FO 

20 header fields. Thus, the success of the decompression process Is sensitive to 
lost or damaged FO-level packets. 

On the SO level, compression is optimal. The header fields form a 
uniform pattern which the compressor depicts with compressed SO header 
fields which, in practice, are sequence numbers of the data packets. 

25 Information is transmitted already on FO level to the decompressor on 
parameters defining the uniform pattern of the header fields, and on the basis 
of the parameters and the received sequence number, the decompressor can 
extrapolate the original header fields. Because the data packets sent on the 
SO level are, in practice, independent of each other, the error sensitivity of 

30 decompression is also low. When the header fields no longer form a uniform 
pattern, the compressor moves back to the FO level. 

Decompression also has three levels which are bound to the 
context definition of the decompressor. The decompressor always starts its 
operation from the lowest level when no context has yet been defined (No 

35 Context). The decompressor has then not yet decompressed any data 
packets. When the decompressor has decompressed the first data packet 




8 

which comprises both static and dynamic context information, it can move over 
the middle level (Static Context) straight to the top level (Full Context). As a 
result of several error situations on the top level, the decompressor moves to 
the middle level, but typically even one successfully decompressed data 
5 packet returns the decompressor to the top level. 

In addition to different compression levels. ROHC has three 
different operational modes: unidirectional mode (U mode), bi-directional 
optimistic mode (O mode), and bi-directional reliable mode (R mode), which 
are shown in the diagram of Figure 2. According to Figure 2. each 

10 compression level (IR. FO f SO) described above functions in each mode, but 
each mode functions in its own way on each level and also makes decisions 
on moving between levels in its own way. The selection of the mode for each 
compression situation depends on the parameters of the used data transfer 
connection, such as the possibility to use a return channel, error probabilities 

15 and distribution, effects of variation in the size of the header fields. 

In the unidirectional mode, data packets are transmitted from 
compressor to decompressor only, so the U mode of ROHC is useful in 
situations where the use of a return channel is not possible or desirable. In the 
U mode, moving between different compression levels is done as a result of 

20 the expiration of certain sequential counters or on the basis of variation in the 
header field patterns. Because no return channel is used, compression in the 
U mode is less efficient and the disappearance of data packets on the 
transmission path more probable than in either of the bi-directional modes. 
Using ROHC is always started in the U mode and moving to either of the bi- 

25 directional modes can take place when the decompressor has received at 
least one packet and as a response to the packet, the decompressor indicates 
that a mode change is necessary. 

The bi-directional optimistic mode is similar to the unidirectional 
mode with the exception that in the O mode, a return channel is used to 

30 correct error situations and to acknowledge significant context updates from 
the decompressor to the compressor. Sequential updates are not made in the 
O mode. The O mode is preferably suited for connections which require 
optimal compression efficiency with a small return channel traffic. The O mode 
provides a reasonably reliable data packet transfer, in which the 

35 synchronisation between the compressor and decompressor can typically be 
maintained well and data packets are seldom lost and if they are, in negligible 



numbers. At very high bit error rates, data packets can, however, be lost on 
the transmission path. ...... 

The bi-directional reliable mode differs clearly from the above- 
mentioned modes, The R mode uses a return channel to acknowledge all 
5 context updates, also to acknowledge sequence number updates. Thus in the 
R mode, data packets can nearly entirely reliably be transmitted between the 
compressor and decompressor. Compressing header fields cannot cause the 
disappearance of data packets in the R mode. A drawback of the R mode is 
that the size of the header field is in some cases slightly larger than in the 
10 above-mentioned modes and that the return channel traffic increases 
considerably. 

The three operational modes and three compression levels of 
ROHC form different operating situations for the compression of the header 
fields, each situation requiring the definition of the operation of the compressor 

15 and decompressor (i.e. context information) and the transmission of packets 
between them. Certain parameters are negotiated separately for each data 
packet flow by the compressor and decompressor. According to the ROHC 
definitions, the lower protocol layer (link layer) used at each time must provide 
a mechanism for the negotiation of the parameters used in compressing the 

20 header fields. The parameters are negotiated before starting the compression. 

In the following, as the relocation procedure is explained, the term 
"the old network entity" is referred to the network entity which the mobile 
terminal is in connection with when the relocation procedure is about to start. 
"The old network entity" can also be referred to "the first network entity", The 

25 term "the new network entity" is referred to the network entity to which the 
connection of the mobile terminal is moved during the relocation procedure. 
"The new network entity" can also be referred to "the second network entity", 
respectively. 

When a mobile terminal is handed over to another radio cell served 
30 by another network entity, the relocation of context information from the old 
network entity to the new network entity must be performed as well. According 
to a known solution, this can be done by taking a snapshot of the compression 
and decompression context information used between the old network and the 
mobile terminal and delivering this snapshot to the new network entity to be 
35 used as the compression and decompression context information. According 
to said prior known solution, the compression and decompression are stopped 
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for the time required for taking the snapshot and transferring it to the new 
network entity. 

For the downlink traffic, the old network entity contains the 
compression context information, which is in-synchronism with mobile 
5 decompressor decompression context information. The old network entity 
transmits a snapshot of the compression context information to the new 
network entity which* stores the received context information as the context 
information of the new network entity. The new network entity uses the stored 
compression context information to compress a header of at least one packet 

10 transmitted to the mobile decompressor and the mobile decompressor uses 
the previously saved decompression context information to decompress the 
header of the at least one data packet. For the uplink traffic, the old network 
entity contains the decompression context information, which is in- 
synchronism with mobile compressor compression context information. The 

15 old network entity transmits the snapshot of the decompression context 
information to the new network entity, which stores said snapshot to be used 
as its decompression context information. The mobile compressor compresses 
at least one header of at least one packet with its context information and 
transmits the compressed at least one header of at least one packet to the 

20 new network entity. Then the new network entity decompresses the received 
at least one packet of the at least one header with the stored decompression 
context information. 

The relocation can be performed either concurrently with or after the 
radio handover. Therefore the order of the actions of taking the snapshots of 

25 the context information and transmitting them between the network entities 
may vary depending on the embodiment, but in any case, in prior known 
solutions, the compression and decompression are stopped for the time 
required for taking the snapshots and transferring them to the new network 
entity. Because the compression/decompression process is asynchronous 

30 relative to and independent of the handover process, since the former is driven 
by the flow of packets, while the latter is driven by the radio conditions, this 
may cause a remarkable break in real-time data transfer. Furthermore, the 
mobile terminal does not typically know in advance, when the handover on the 
network side from the old network entity to the new network entity will take 

35 place. Therefore, in prior known solutions, the mobile terminal will continue to 
compress the uplink data and transmit it to the old network entity, even though 
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the old network entity has already stopped decompressing said data due to 
the handover. Hence, by the time the new network entity uses the transferred 
context information, it may already be out-of-synchronism with the contexts at 
the mobile terminal. Therefore said out-of-synchronism of the contexts should 
5 be prevented, while simultaneously minimising said break in the 
compression/decompression process in time domain. 

According to the invention, this is achieved by stopping the context 
updating of the compressor and decompressor in both the mobile terminal and 
the old network entity, which ensures that both the mobile terminal and the old 

10 network entity use the same context, after which a snapshot of the 
compression and decompression context information is taken in the old 
network entity and transmitted to the new network entity to be stored therein. 
The mobile compressor compresses at least one header of at least one packet 
with the said context information and transmits the compressed at least one 

15 header of at least one packet to the new network entity. Then the new network 
entity decompresses the received at least one packet of the at least one 
header with the stored decompression context information. Because the 
context information has not changed during the relocation process, the 
compressor of the mobile terminal and the decompressor of the new network 

20 entity are automatically in synchronism and the data transfer can be 
continued. 

According to a first preferred embodiment of the invention, this can 
be accomplished by signalling from the radio network to the mobile terminal 
that handover (and thus the context relocation as well) will happen shortly, 

25 which means that the context information should not be updated any more. 
The updating of the context information can be prevented by disabling both 
the mobile terminal and the old network entity decompressors from sending 
any acknowledgements to the compressor on the opposite side. Because no 
acknowledgements are sent by the decompressors, the context of the 

30 compressors are not updated and both the mobile terminal and the old 
network entity compressors use the same context information for the 
compression of new packets. After this, a snapshot of the compression and 
decompression context information is taken in the old network entity arid 
transmitted to the new network entity to be stored therein. The mobile 

35 compressor compresses at least one header of at least one packet with the 
said context information and transmits the compressed at least one header of 
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at least one packet to the new network entity. Then the new network entity 
decompresses the received at least one packet of the at least one header with 
the stored decompression context information. 

According to a second preferred embodiment of the invention, the 
5 context updating of the mobile terminal and the old network entity can be 
prevented by signalling from the radio network to the mobile terminal that 
handover (and thus the context relocation as well) will happen shortly, in 
response to which the mobile terminal will stop compressing and transmitting 
uplink data and the old network entity will stop compressing and transmitting 

10 downlink data. This results in the context information not being updated any 
more. The current context information is stored in the mobile terminal, which is 
thus ready to refresh said context information from the memory and use it for 
the compression of new packets, when needed. A snapshot of the 
compression and decompression context information is taken in the old 

15 network entity, preferably after a certain delay, and transmitted to the new 
network entity to be stored therein. By waiting a reasonable time of said delay 
a certainty can be had that all compressed and sent packets are received and 
decompressed correctly by the respective decompressor. Then the mobile 
compressor compresses at least one header of at least one packet with the 

20 said context information and transmits the compressed at least one header of 
at least one packet to the new network entity. Then the new network entity 
decompresses the received at least one packet of the at least one header with 
the stored decompression context information. 

Both of the above-mentioned embodiments function very well in 

25 conditions when the instant of time of the handover is known in advance, so 
the mobile terminal can be informed in forehand of the coming handover. 
However, it is not always possible to know in advance when the handover is 
going to take place, e.g. in a situation when the mobile terminal disappears 
from the radio coverage of the old cell and suddenly appears to the new cell. 

30 Thus, it is not always possible to inform the mobile terminal in forehand about 
the relocation. According to a third preferred embodiment of the invention, the 
mobile terminal will continue to run the header compression and 
decompression normally, but the context updating of the mobile terminal 
context information is prevented by discarding in the old network entity 

35 compressor/decompressor any acknowledgements to or from the 
compressor/decompressor of the mobile terminal. As an alternative solution of 



# 



# 
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the embodiment, discarding of the acknowledgements to the mobile terminal in 
the old network entity can be replaced by configuring the compressor of the 
old network entity not to send any acknowledgements during the relocation 
procedure. Because all acknowledgements are either discarded or not sent by 
5 the old network entity, the context of the mobile terminal compressor is not 
updated but the mobile terminal will continue to compress and transmit the 
uplink data with the previous context information. After this, a snapshot of the 
compression and decompression context information is taken in the old 
network entity and transmitted to the new network entity to be stored therein. 

10 The mobile compressor compresses at least one header of at least one packet 
with the said context information and transmits the compressed at least one 
header of at least one packet to the new network entity. Then the new network 
entity decompresses the received at least one packet of the at least one 
header with the stored decompression context information. This embodiment 

15 enables the header compression context relocation to be performed also in 
conditions, where it might be impossible to inform the mobile terminal about 
the handover in advance. If ROHC header compression mechanism js used 
herewith, the process of discarding the acknowledgements will preferably take 
place in the protocol layer below the ROHC implementation, since ROHC 

20 definitions does not include any implementation interface for enabling the 
required configuration. If the compressor of the old network entity is 
alternatively configured not to send any acknowledgements during the 
relocation procedure, this can also be implemented easily by adding a 
predefined interface between the compressor and the lower layers. 

25 The signalling mechanism of mobile networks is typically defined so 

that it does not support context relocation very efficiently, since the structure of 
packet radio networks is mainly designed for non-real-time data transfer. 
Therefore, according to the known solutions, the transmitting of the context 
information snapshot from the old network entity to the new network entity 

30 would take place in the same message, which would also contain the 
command for shifting the actual control of the connections to the new network 
entity. The message can be called Relocation_comrnit message, which is 
typically the last message transmitted from the old network entity to the new 
network entity during the relocation process. Because the new network entity 

35 receives the context information snapshot from the old network entity 
simultaneously with the command to take over the control of the connections, 
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this will result in break in data compression/decompression, since there is 
,always_a_noj>zero preparation time for the new network entity to store said 
received context information and to configure its compressor and 
decompressor according to the received context information. Also transferring 
5 the context information from the old network entity to the new network entity 
takes some time. 

Said break can be minimised and the above-mentioned 
embodiments further enhanced according to a preferred embodiment of the 
invention, wherein a further message containing the context information 

10 snapshot is transmitted from the old network entity to the new network entity 
after the relocation process has started but before the command to take over 
the control of the connections. This enables the new network entity to store 
said received context information and to configure its compressor and 
decompressor before the actual control is handed over by the 

15 Relocation_commit message. This way the context relocation can be 
performed efficiently, so that no break occurs in data 
compression/decompression but it can be continued seamlessly when the 
control is given by the Relocation_commit message. 

In the third embodiment of the invention described above, where all 

20 acknowledgements are discarded by the old network entity, there may occur a 
situation during the relocation process wherein the mobile terminal should 
update its context information, e.g. due to disturbance on the radio interface, 
and it sends context update request to the old network entity, but the update is 
not possible because acknowledgements are not allowed to trigger any events 

25 on the network side. This results in the fact that the context information of the 
mobile terminal is out-of-synchronism in respect to the snapshot context 
information currently being updated to the new network entity. Again a break 
will take place in the data compression/decompression, when the context 
information of the mobile terminal and the new network entity are 

30 synchronised. 

The synchronisation can be speeded up by a preferred embodiment 
of the invention, wherein the context update request sent by the mobile 
terminal is detected by the old network entity, which attaches this indication to 
any message (e.g. Relocation_commit message) to be sent to the new 

35 network entity after the snapshot of the context information has been taken. 
This way the new network entity receives information about the needed 
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context update and after the relocation is accomplished, the new network 
.entity, can send the first packet to the mobile terminal as a context update 
message. The mobile terminal updates its context information according to the 
context information received said packet containing the context update 
5 message. Then mobile decompressor decompresses the received at least one 
packet of the at least one header with the stored decompression context 
information and updates it context information according to the received 
context update message. This will speed up the context re-synchronisation if 
the compression synchronisation has been lost during relocation procedure. 

•I0 Similarly, the old network entity may as well end up in a situation 

during the relocation process wherein it should update its context information, 
but the update is not possible because it cannot send any acknowledgements 
to the mobile terminal. Also in this situation the above-mentioned embodiment 
of the invention can be utilised, wherein the context update indication is 

15 attached to any message (e.g. Relocation_commit message) to be sent to the 
new network entity after the snapshot of the context information has been 
taken. Again, the new network entity receives information about the needed 
context update, which will be further indicated to the mobile terminal, when the 
relocation process has been accomplished. Alternatively, said context update 

20 indication attached to the message (e.g. Relocation_commit message) and 
sent by the old network entity to the new network entity can used as a trigger 
in decompressor of the new network entity to initiate immediately a context 
refresh update. 

The method and its embodiments described above can preferably 
25 be applied for instance to third-generation mobile systems called UMTS 
(Universal Mobile Telecommunication System) and IMT-2000 (International 
Mobile Telephone System), and in the further development projects of the 
second-generation mobile systems, such as GERAN (GSM Edge Radio 
Access Network). 

30 In the following, the invention will be illustrated by means of an 

example in connection with a packet radio service of the UMTS system, 
particularly in connection with internal handover between radio network 
subsystems of the UMTS (SRNS Relocation), during which also the header 
compression context information must be relocated from the old radio network 

35 controller RNC to the new radio network controller. However, the invention is 
not limited to the UMTS system, but may be applied to any packet-switched 
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data transmission method in which the header compression context 
information relocation must be performed. 

The structure of the UMTS mobile communication system will be 
described with reference to Figure 3. Figure 3 includes only the blocks 
5 re | e vant to describing the invention but it is obvious to a person skilled in the 
art that a conventional mobile communication system also comprises other 
functions and structures that need not be explained more closely in this 
context. The main elements of a mobile communication system are a core 
network CN and a UMTS terrestrial radio access network UTRAN, which form 

10 the fixed network of the mobile communication system, and a mobile terminal 
or user equipment UE. The interface between the CN and the UTRAN is called 
lu and the interface between the UTRAN and the UE is known as Uu. 

The UTRAN typically consists of several radio network subsystems 
RNS between which there is an interface called lur (not shown). The RNS 

15 consists of radio network controllers RNC and one or more base stations BS, 
which are also called node Bs. The interface between the RNC and the BS is 
called lub. The base station BS is typically responsible for implementation of 
the radio path, and the radio network controller RNC at least for the following 
matters: radio resource management, controlling of handover between cells, 

20 power control, timing and synchronization, paging of subscriber terminals. 

The core network CN consists of infrastructure belonging to a 
mobile communication system outside the UTRAN. In the core network, a 
mobile switching centre/visitor location register 3G-MSCA/LR communicates 
with a home location register HLR and preferably also with a service control 

25 point SCP of the intelligent network. The home location register HLR and the 
visitor location register VLR contain information on mobile subscribers: the 
home location register HLR contains information on all subscribers of the 
mobile communication network and on the services ordered by them, and the 
visitor location register VLR contains information on mobile stations which visit 

30 the area of a certain mobile switching centre MSC. The connection to a 
serving GPRS support node 3G-SGSN of the radio system is established via a 
Gs' interface and to a public switched telephone network PSTN/ISDN via a 
gateway mobile switching centre GMSC (Gateway MSC, not shown). A 
connection is established from the serving support node 3G-SGSN to the 

35 gateway GPRS support node GGSN via a Gn interface, and further from the 
GGSN to external data networks PDN. Both the mobile switching centre 3G- 
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MSCA/LR and the serving support node 3G-SGSN communicate with the 
radio network UTRAN (UMTS Terrestrial Radio Access Network) via the lu 
interface. 

The UMTS system thus also comprises a packet radio system 

5 which is implemented to a great extent in accordance with the GPRS system 
connected to the GSM network, for which reason the names of the network 
elements contain references to the GPRS system. The packet radio system of 
the UMTS may comprise several serving support nodes and gateway support 
nodes and typically several serving support nodes 3G-SGSN are connected 

10 to one gateway support node 3G-GGSN. Both the 3G-SGSN node and the 
3G-GGSN node function as routers which support mobility of the mobile 
terminal and control the mobile communication system and route data packets 
to mobile terminals regardless of their location and the protocol used. The 
serving support node 3G-SGSN communicates with a mobile terminal UE via 

15 the radio network UTRAN. The function of the serving support node 3G-SGSN 
is to detect mobile terminals capable of packet radio connections in its area, 
send data packets to and receive them from these mobile terminals and to 
monitor the location of the mobile terminals in its service area. In addition, the 
serving support node 3G-SGSN communicates with the mobile switching 

20 centre 3G-MSC and the visitor location register VLR via the signalling interface 
Gs' and with the home location register HLR via the Gr interface. The home 
location register HLR also contains records which are related to the packet 
radio service and include the contents of subscriber-specific packet data 
protocols. 

25 The gateway support node 3G-GGSN functions as a gateway 

between the packet radio system of the UMTS network and an external data 
network PDN (Packet Data Network). External data networks include a UMTS 
or a GPRS network of another network operator, the Internet, an X.25 network 
or a private local area network. The gateway support node 3G-GGSN 

30 communicates with these data networks via a Gi interface. The data packets 
to be transmitted between the gateway support node 3G-GGSN and the 
serving support node 3G-SGSN are always encapsulated according to a 
gateway tunnelling protocol GTP. The gateway support node 3G-GGSN also 
contains the PDP addresses (Packet Data Protocol) of mobile term.nals and 

35 the routing data. i.e. 3G-SGSN addresses. Thus the routing data are used for 
linking data packets between the external data network and the serving 
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support node 3G-SGSN The network between the gateway support node 3G- 
GGSN and the serving support node 3G-SGSN is a network which utilizes the 
IP protocol, preferably IPv6 (Internet Protocol, version 6). 

In the UMTS, a protocol stack according to Figure 4 is used in the 
5 transmission of packet-switched user data (user plane). At the interface Uu 
between the radio network UTRAN and the mobile terminal UE, lower-level 
data transmission is carried out according to the WCDMA or TD-CDMA 
protocol in the physical layer. Data packets are transmitted between the 
physical layer and the RLC layer (Radio Link Control) by a MAC layer (Media 

10 Access Layer) which is above the physical layer, and the RLC layer is 
responsible for logical management of radio links of different radio bearers. 
The functionalities of the RLC include segmentation of user data to be 
transmitted (RLC-SDU, Service Data Unit) into one or more RLC data packets 
RLC-PDU. The data packets (PDCP-PDU) of the PDCP layer on top of the 

15 RLC and the header fields related to them can be compressed, if desired, by 
using any header compression method supported by the radio network 
UTRAN and the mobile terminal UE. After this, the PDCP-PDUs, which 
correspond to one RLC-SDU, are supplied to the RLC. The user data and the 
RLC-SDUs are segmented and transmitted in RLC frames to which address 

20 and control information necessary for data transmission has been added. The 
RLC layer is also responsible for retransmission of damaged frames. The 
serving support node 3G-SGSN is responsible for routing the data packets 
arriving from the mobile terminal UE via the radio network RAN further to the 
correct gateway support node 3G-GGSN. This connection uses the tunnelling 

25 protocol GTP. which encapsulates and tunnels all the user data and signalling 
transmitted via the core network. The GTP protocol is run above the IP used 
by the core network. 

When the radio bearer for packet-switched user data is established 
(RB establishment) or reconfigured between the mobile terminal and the radio 

30 network, both peers negotiate the parameters of the radio bearer using 
signalling according to a radio resource control protocol RRC. The radio 
resource control protocol RRC is responsible e.g. for establishing, configuring, 
maintaining and terminating radio connections between the mobile terminal 
and the radio network UTRAN and for transmitting control information 

35 transmitted from the core network CN and the radio network RAN to the 
mobile terminals UE. One of the parameters defining the radio bearer is the 
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header compression method used by the terminal. Compressing the headers 
of data packets to be transmitted, and decompressing received data packet 
headers is in the UMTS system performed on the packet data convergence 
protocol PDCP layer belonging to the packet data protocol. The tasks of the 
5 PDCP layer include functions related to improving channel efficiency, which 
are typically based on different optimisation methods, such as the utilisation of 
data packet header compression algorithms. Because currently the network- 
level protocols designed for UMTS are IP protocols, the compression 
algorithms used are those standardised by IETF (Internet Engineering Task 
10 Force). Thus, the ROHC compression method is especially well-suited for the 
UMTS system. 

The implementation of the invention in the UMTS system will be 
explained by referring to Figures 5 to 7 in regard to serving radio network 
subsystem (SRNS) relocation. 

-1 5 in the UMTS system, when a mobile terminal UE is handed over to 

another radio cell served by radio network controller RNC, the relocation of 
context information to the new radio network controller RNC must be 
performed as well. According to a known solution, this can be done by taking a 
snapshot of the compression and decompression context information used 

20 between the old radio network controller (source RNC) and the mobile terminal 
and delivering this snapshot to the new radio network controller (target RNC) 
to be used as the compression and decompression context information. The 
transmission of the snapshot is performed as included in the signalling 
messages of the SRNS relocation signalling according to the UMTS system. 

25 The compression and decompression are stopped for the time required for 
taking the snapshot and transferring it to the target RNC. 

According to the invention, the out-of-synchrbnism of the contexts in 
the UMTS system is prevented, while simultaneously minimising the break in 
the compression/decompression process in time domain by stopping, in 

30 response to the decision to perform SRNS relocation, the context updating of 
the compressor and decompressor in both the mobile terminal and the source 
radio network controller (source RNC). which ensures that both the mobile 
terminal and the source RNC use the same context, after which a snapshot of 
the compression and decompression context information is taken in the source 

35 RNC and transmitted to the target radio network controller (target RNC) to be 
stored therein. The mobile compressor compresses at least one header of at 
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least one packet with the said context information and transmits the 
compressed at least one header of at least one packet to the target RNC. 
Then the target RNC decompresses the received at least one packet of the at 
least one header with the stored decompression context information. Because 
5 the context information has not changed during the relocation process, the 
compressor of the mobile terminal and the decompressor of the target RNC 
are automatically in synchronism and the data transfer can be continued. 

The implementation of the first preferred embodiment of the 
invention in the UMTS system will be further explained with reference to Figure 

10 5. On the basis of the movements of the mobile terminal UE or changes in 
radio conditions, for example, a decision is made in the radio resource 
controller RRC to perform SRNS relocation (500, 502). According to the 
invention, radio resource controller RRC signals to the mobile terminal UE that 
handover (and thus the context relocation as well) will happen shortly (504), in 

15 response to which the mobile terminal UE stops updating the context 
information. The signalling to the mobile terminal UE can be preferably carried 
out either as RRC signalling or as inband signalling on the PDCP layer. The 
updating of the context information can be prevented by disabling both the 
mobile terminal and the source RNC decompressors from sending any 

20 acknowledgements to the compressor on the opposite side. Because no 
acknowledgements are sent by the decompressors, the context of the 
compressors are not updated and both the mobile terminal and the source 
RNC compressors use the same context information for the compression of 
new packets. After this, the source RNC starts a prior known SRNS relocation 

25 procedure by sending a Retocation_required message to the old SGSN (506), 
which is further forwarded via the new SGSN (508) to the target RNC (510). 
Radio bearers are established between the new SGSN and the target RNC 
according to the instructions given by the RRC (512). The target RNC sends 
an acknowledgement to the relocation request, which acknowledgement is 

30 routed via the new SGSN (514) to the old SGSN (516) and further to the 
source RNC as a Relocation_command message (518). During the SRNS 
relocation procedure a snapshot of the compression and decompression 
context information is taken in the source RNC (520) and transmitted from the 
source RNC to the target RNC at latest in a Relocation_commit message 

35 (522) to be stored in the target RNC. The source RNC will forward the possible 
downlink data to be sent to the mobile terminal UE to the target RNC (524), 
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which confirms the relocation by sending Relocation_detect message to the 
new SGSN (526). T_he_target RNC also sends a RNTI_reallocation message 
(528) to the mobile terminal UE, which indicates the identification of the new 
RNC to the mobile terminal and in which the target RNC compressor 
5 preferably transmits an indication of the context update, if required. This can 
be done only if the source RNC is already released from the connection after 
the snapshot has been transmitted to the target RNC (522). Otherwise, the 
context update has to be performed in connection of some later signalling 
between the target RNC and the mobile terminal UE. The mobile terminal UE 

10 acknowledges the change of RNC by sending a confirmation as a 
RNTI_reallocation_complete message (530). Now the relocation of the context 
information to the target RNC is performed successfully, while simultaneously 
preventing the out-of-synchronism of the contexts and minimising the break in 
the compression/decompression process. Meanwhile, the new SGSN has 

15 updated the PDP context to the GGSN (532, 534). The target RNC confirms 
the relocation by sending a Relocation_complete message to the new SGSN 
(536), which is further forwarded to the old SGSN (538) and acknowledged 
back to the new SGSN (540). After this, the connection between the source 
RNC and the old SGSN is disconnected (542, 544). 

20 The implementation of the second preferred embodiment of the 

invention in the UMTS system will be further explained with reference to Figure 
6. Again, a decision is made in the radio resource controller RRC to perform 
SRNS relocation (600, 602). According to this embodiment of the invention, 
radio resource controller RRC signals to the mobile terminal UE that handover 

25 (and thus the context relocation as well) will happen shortly (604). in response 
to which the mobile terminal UE will stop compressing and transmitting uplink 
data and the source RNC will stop compressing and transmitting downlink 
data. The signalling to the mobile terminal UE and to the source RNC can be 
preferably carried out either as RRC signalling or as inband signalling on the 

30 PDCP layer. This results in the context information not being updated any 
more. The current context information is stored in the mobile terminal UE, 
which is thus ready to refresh said context information from the memory and 
use it for the compression of new packets, when needed. After this, the source 
RNC starts a prior known SRNS relocation procedure, similar to what is 

35 described already above with respective reference numbers and therefore, it is 
not necessary to explain again herewith. A snapshot of the compression and 
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decompression context information is taken in the source RNC, preferably 
during said _ SRNS relocation procedure and after a certain delay, and 
transmitted to the target RNC at latest in a Relocation_commit message (622) 
to be stored in the target RNC. By waiting a reasonable time of said delay a 
5 certainty can be had that all packets compressed and sent by the mobile 
terminal UE are received and decompressed correctly by the decompressor of 
the source RNC. The source RNC will forward the possible downlink data to 
be sent to the mobile terminal UE to the target RNC (624), which confirms the 
relocation by sending Relocation_detect message to the new SGSN (626). 

10 The target RNC also sends a RNTI_reallocation message (628) to the mobile 
terminal UE, which indicates the identification of the new RNC to the mobile 
terminal and in which the target RNC compressor preferably transmits an 
indication of the context update, if required. This can be done only if the 
source RNC is already released from the connection after the snapshot has 

15 been transmitted to the target RNC (622). Otherwise, the context update has 
to be performed in connection of some later signalling between the target RNC 
and the mobile terminal UE. The mobile terminal UE acknowledges the 
change of RNC by sending a confirmation as a RNTI_reallocation_complete 
message (630). Now the relocation of the context information to the target 

20 RNC is performed successfully, while simultaneously preventing the out-of- 
synchronism of the contexts and minimising the break in the 
compression/decompression process. 

The implementation of the third preferred embodiment of the 
invention in the UMTS system will be further explained with reference to Figure 

25 7, in which the mobile terminal is not informed in forehand about the 
relocation. Again, a decision is made in the radio resource controller RRC to 
perform SRNS relocation (700, 702), but the mobile terminal UE is not 
informed about this. The mobile terminal UE will continue to run the header 
compression and decompression normally, but the context updating of the 

30 mobile terminal context information is prevented by discarding in the source 
RNC compressor/decompressor any acknowledgements from the 
compressor/decompressor of the mobile terminal or by configuring the 
compressor of the source RNC not to send any acknowledgements during the 
relocation procedure. The process of discarding the acknowledgements will 

35 preferably take place logically in the PDCP layer on which the ROHC 
compression algorithm is run, since ROHC definitions does not include any 
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implementation interface for enabling the required configuration. The source 
RNC is preferably informed about the discarding via the RRC (704). Because 
all acknowledgements are discarded by the source RNC, the context of the 
mobile terminal compressor is not updated but the mobile terminal will 
5 continue to compress and transmit the uplink data with the previous context 
information. After this, the source RNC starts a prior known SRNS relocation 
procedure, similar to what is described already above with respective 
reference numbers and therefore, it is not necessary to explain again herewith. 
A snapshot of the compression and decompression context information is 

10 taken in the source RNC, preferably during said SRNS relocation procedure, 
and transmitted to the target RNC at latest in a Relocation_commit message 
(722) to be stored in the target RNC. The process of accomplishing the SRNS 
and context information relocation is similar to what is described above. After 
the relocation procedure is finished, the RNC. which previously functioned as 

15 the source RNC will continue to function normally, i.e. it does not discard any 
acknowledgements from the compressor/decompressor of the mobile terminal 
UE. This embodiment enables the header compression context relocation to 
be performed also in conditions, where it might be impossible to inform the 
mobile terminal UE about the handover in advance. 

20 An implementation of a further preferred embodiment of the 

invention in the UMTS system can be described with reference to Figure 5, for 
example, wherein the context information snapshot is transmitted from the 
source RNC to the target RNC after the relocation process has started but 
before the command to take over the control of the connections (522, 

25 Relocation_commit message). The context information snapshot wilt 
preferably be transmitted with a prior known message, such as in 
Relocation_required message (506) or Relocation_request message (510), 
but the context information snapshot can also be transmitted as a further 
separate message. This further message will preferably take place after the in 

30 Relocation_required message (506), but in any case before the 
Relocation_commit message (522). However, the place of the message which 
transmits the context information snapshot is not restricted by any other 
means, but it can be sent any time after the relocation process has started but 
before the Relocation_commit message (522). This enables the target RNC to 

35 store said received context information and to configure its compressor and 
decompressor before the actual control is handed over by the 
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Relocation_commit message. This way the context relocation can be 
pejformed efficiently, so that no break occurs in data 
compression/decompression but it can be continued seamlessly when the 
control is given by the Relocation_commit message. 
5 If all acknowledgements are discarded by the source RNC, as is 

described in the third embodiment of the invention, there may occur a situation 
during the relocation process wherein the mobile terminal UE should update 
its context information, e.g. due to disturbance on the radio interface, and it 
sends context update request to the source RNC, but the update is not 

10 possible because the acknowledgements are discarded in the network and 
therefore the network does not send any update information. As a result, the 
context information of the mobile terminal UE is out-of-synchronism in respect 
to the snapshot context information currently being updated to the target RNC. 
Again a break will take place in the data compression/decompression, when 

15 the context information of the mobile terminal and the target RNC are 
synchronised. 

According to a preferred embodiment of the invention, the 
synchronisation can be speeded up in the UMTS system by detecting the 
context update request sent by the mobile terminal in the source RNC, which 

20 attaches this indication to any message (e.g. Relocation_commit t 522 in 
Figure 5) to be sent to the target RNC after the context update request has 
been detected. This way the target RNC receives information about the 
needed context update and after the relocation is accomplished, the target 
RNC can send the first packet to the mobile terminal as a context update 

25 message. Then mobile decompressor decompresses the received at least one 
packet of the at least one header with the stored decompression context 
information and updates it context information according to the received 
context update message. This will speed up the context re-synchronisation if 
the compression has failed during relocation procedure. 

30 Similarly, the source RNC may as well end up in a situation during 

the relocation process wherein it should update its context information, but the 
update is not possible because it cannot send any acknowledgements to the 
mobile terminal UE. Also in this situation the above-mentioned embodiment of 
the invention can be utilised, wherein the context update indication is attached 

35 to any message (e.g. Relocation_commit) to be sent from the source RNC to 
the target RNC after the context update request has been detected. Again, the 
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target RNC receives information about the needed context update, which will 
be further indicated to the mobile terminal, when the relocation process has 
been accomplished. Alternatively, said context update indication attached to 
the Relocation_commit message and sent by the source RNC to the target 
5 RNC can be used as a trigger in decompressor of the target RNC to initiate 
immediately a context refresh update. 

The procedure of the embodiment can be performed, for example, 
in the following way: the context update need is indicated in the message sent 
from the source RNC to target RNC e.g. by two bits, such that a bit 

10 combination 00 means that no update is needed, a bit combination 01 means 
that the context of the decompressor of the mobile terminal UE is out-of- 
synchronisation, a bit combination 10 means that the contexts of the 
decompressors on the network side are out-of-synchronisation, and a bit 
combination 1 1 means that both the context of the decompressor of the mobile 

15 terminal UE and the contexts of the decompressors on the network side are 
out-of-synchronisation. Once this information is received by target RNC, it can 
start the context update procedure by sending context update packet to the 
mobile terminal UE (context update indication 01), by updating the context 
information of the source RNC by sending a context update request to the 

20 mobile terminal UE (context update indication 10), or respectively performing 
both of the above-mentioned operations (context update indication 11). 

It is obvious to a person skilled in the art that while technology 
advances, the basic idea of the invention can be implemented in many 
different ways. The invention and its embodiments are thus not restricted to 

25 the examples described above, but can vary within the scope of the claims. 



